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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of Kazutoshi KAJI, et al. 
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Filing Date Herewith 

Title ELEMENT MAPPING UNIT, SCANNING TRANSMISSION 

ELECTRON MICROSCOPE, AND ELEMENT MAPPING 
METHOD 

PRELIMINARY AMENDMENT 

Please amend the above-identified application as follows: 
In the claims: 

Please amend the following claims: 

(Amended) A scanning transmission electron microscope, equipped with the 
element mapping unit according to Claim 1, that irradiates electron beams onto an 
object to be analyzed and supplies the electron beams, which have transmitted 
through the object to be analyzed, to the element mapping unit. 



REMARKS 

This Preliminary Amendment is being submitted to eliminate multiple dependent 
claims. 

It is respectfully submitted that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application are 
respectfully requested. 

Attached hereto is a marked-up version of the changes made to the title by the 
current amendment. The attached page is captioned "Versions with markings to show 
changes made." 
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Patent Application Serial No. Not Yet Assigned 1 743/1 88 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 



The claims have been amended as follows: 

8. (Amended) A scanning transmission electron microscope, equipped with the 
element mapping unit according to Claim 1 [or Claim 8], that irradiates 
electron beams onto an object to be analyzed and supplies the electron 
beams, which have transmitted through the object to be analyzed, to the 
element mapping unit. 
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DESCRIPTION 

ELEMENT MAPPING UNIT, SCANNING TRANSMISSION ELECTRON 
J OCROSCOPE, AND ELEMENT MAPPING METHQ D_ 

5 TECHNICAL FIELD 

The present invention relates to an element mapping 
unit, scanning transmission electron microscope, and 
element mapping method. 

10 BACKGROUND ART 

As semiconductor element or magnetic head element has 
become smaller and more compact, the element is now 
structured by laminated thin films of several NMs 
(nanometers) within a micro region of submicrons . Since 

15 the performance of the semiconductor element or magnetic 
head element depends upon the structure, element 
distribution and crystal structure of the micro region, 
analysis of the micro region is very important. 

For observation of the micro region, there are 

20 available a scanning electron microscope (SEM), 
transmission electron microscope (TEM), and scanning 
transmission electron microscope (STEM). TEM is an 
apparatus in which electron beams are irradiated onto a 
specimen nearly in parallel and the transmitted electron 

25 beams are magnified by a lens. STEM is an apparatus in 
which electron beams are converged into a micro region and, 
while the electron beams are scanned over a specimen two- 



dimensionally, the intensity of the transmitted electron 
beams is measured so as to acquire a two-dimensional image. 

The intensity of a transmitted electron detected by a 
TEM and STEM correlates to the average atomic number of a 
5 portion through which the electron beam has transmitted. 
Because of this, thin films of chrome (Cr), manganese (Mn), 
iron (Fe), cobalt (Co), nickel (Ni) and copper (Cu), having 
an atomic number closer to each other, or silicon oxide 
film and silicone nitride film, having an average atomic 
10 number closer to each other, cannot be distinguished from 
each other. 

In case of a metallic film, Cr, Mn, Fe, Co, Ni and Cu 
can be distinguished from each other by acquiring a two- 
dimensional image with the aid of fluorescent X-ray 

15 analysis. However, longer measuring time is required in 
obtaining the two-dimensional image because detectable 
fluorescent X-ray intensity is very weak. Since the 
fluorescent X-ray analysis is not suitable for analysis of 
light element, distinction of silicon oxide film from 

20 silicone nitride film is difficult. 

As an analytical method for solving the above problems, 
there is available the electron energy loss spectroscopy 
(EELS) that analyzes energy of transmitted electron using 
an electron spectrometer. Because an electron, when it 

25 transmits through a specimen, causes energy loss peculiar 
to the structural element (electron structure) of the 
specimen, generating a two-dimensional image from the 



electrons after energy loss peculiar to the element makes 
it possible to distinguish between silicon oxide film and 
nitride film, which is not feasible on a TEM or STEM image. 
The above has been widely employed as a combined method of 
5 a STEM and a parallel-detection type electron energy loss 
spectrometer (EELS). 

EELS has a fan-shaped magnetic field sector as an 
electron spectrometer, and is equipped with a quadruple 
electromagnetic lens before it and a sextuple 

10 electromagnetic lens after it, and a parallel detector at 
the most downstream. The sextuple electromagnetic lens is 
utilized to adjust the focus of an EELS spectrum and 
magnify the EELS spectrum. The quadruple electromagnetic 
lens is utilized to reduce the aberration of the EELS 

15 spectrum projected on the detector. The EELS spectrum 
magnified by the quadruple electromagnetic lens is 
projected on the parallel detector and electron energy loss 
spectra are measured in a wide range. 

Prior arts relating to the structure of EELS include, 

20 for example, U.S. Patent No. 4,743,756, Japanese 
Application Patent Laid-Open Publication Nos. HEI 7-21966 
(1995), HEI 7-21967 (1995), and HEI 7-29544 (1995). The 
Laid-Open Publication No. SHO 57-80649 (1982) describes 
about an electron beam energy analyzer. 

25 



DISCLOSURE OF INVENTION 

With a combined analyzer of conventional EELS and STEM, 



a user must repeat a series of processes; (1) specifying a 
measuring position -> (2) specifying an element -> (3) 
measuring the energy intensity distribution of electron 
beams at an electron beam detecting section -» (4) 
correcting the background and gain at the detecting section 
-» (5) specifying a background region -» (6) specifying a 
background fitting function such as a power law model 
(I=AE" r ) (7) specifying an integral region of signal 

intensity -» (8) displaying the signal intensity of the 
specified element at the measuring position on an image 
display device -» (1), at all measuring points. Acquiring 
a two-dimensional image, however, takes a vast amount of 
time and therefore, acquiring an element distribution image 
in real time is difficult. It may also be possible that, 
after measuring an EELS spectrum at every measuring point, 
the user specifies (2) to (7) above so as to acquire a two- 
dimensional image. With this method, however, measurement 
data results in a vast amount and an element distribution 
image cannot be acquired in real time. 

When an element distribution image cannot be acquired 
in real time, problems as follows arise additionally. 

(A) Since the field of view is confirmed on a TEM/ STEM 
image when, for example, an interface between a silicon 
oxide film and a silicon nitride film is to be analyzed, a 
region of analysis (interface between the oxide film and 
the nitride film) cannot be distinguished. Because of this, 
whether a required measuring region is included in the 



analysis region cannot be determined until the EELS spectra 
are measured and an element distribution image is acquired 
through analysis. 

(B) Since measurement of EELS spectra and processes 
(1) to (8) at each measuring point are needed when, for 
example, a two-dimensional image of a region of analysis is 
to be acquired, a vast amount of time is needed for 
measurement and analysis and therefore, this method is not 
suitable for an inspection that requires to measure a lot 
of specimens. 

To solve the above problems, acquiring an element 
distribution image in real time is essential. 

On a combined analyzer of conventional EELS and STEM, 
the magnification of spectrum is made variable using a 
quadruple electromagnetic lens so that various EELS spectra 
can be measures from a spectrum covering a wide range up to 
a detailed spectrum. 

When an element distribution image is obtained by a 
combined analyzer of EELS and STEM, the stability of the 
electromagnetic lens and electron spectrometer is 5 x 10 -6 
approximately. Because the acceleration voltage of STEM is 
100 to 200 kV, the stability of the EELS spectrum becomes 
0.5 to 1 eV. Since the measurement is made at 0.2 to 0.4 
eV/channel in obtaining an element distribution image with 
an EELS, the above means that the EELS spectrum drifts by 
several channels during the measurement. As a result, 
there arises a problem that processing an EELS spectrum in 



real time on a combined analyzer of conventional EELS and 
STEM is difficult because of the drift of the EELS spectrum. 

Besides, a conventional EELS is heavy in weight and 
complicated in structure because a lot of electromagnets 
are used in multiple quadruple electromagnetic lenses, 
sextuple electromagnetic lenses and electron spectrometers. 

As the analyzer requires power supply for the 
electromagnets, AC noise suppressor, and cooling system in 
addition to the EELS itself, the apparatus has a 
complicated composition and costs high. 

Besides, a conventional cold cathode field emission 
type STEM involves a technical problem concerning the 
apparatus, called chip noise, that the luminance of the 
electron beam source increases in the course of the 
measurement. Since the secondary electron intensity, Z 
contrast intensity, fluorescent X-ray intensity and EELS 
intensity increase during the measurement due to the chip 
noise, there remains a problem that whether an increase in 
the measuring region intensity is due to the effect of the 
chip noise or the increase of the signal intensity cannot 
be distinguished. 

As explained above, it is difficult to acquire an 
element distribution image in real time using a combined 
analyzer of EELS and STEM. 

An object of the present invention is to provide an 
apparatus and method that enable to acquire an element 
distribution image in real time using a combined analyzer 



of EELS and STEM. 

Another object of the present invention is to improve 
the operability of an analyzer concerning EELS and/or STEM. 
Another object of the present invention is to provide 
5 an apparatus with high EELS spectrum energy stability. 

Another object of the present invention is to provide 
an energy filter for an element mapping unit which, in 
combination with a scanning transmission electron 
microscope, is capable of measuring EELS spectra and, at 
10 the same time, acquiring an element distribution image and 
an electron microscopic image with less effect of chip 
noise, and also to provide a light-weight transmission 
electron microscope equipped with the filter. 

A conventional element mapping unit was capable of 
15 acquiring a distribution image of a single element but 
incapable of measuring the distribution of multiple 
elements and observing the positional relationship between 
each element to a resolution finer than nanometer. 

Another object of the present invention is to provide 
20 an element mapping unit capable of acquiring a distribution 
image of multiple elements easily. 

A characteristic feature of the present invention is 
that a scanning transmission electron microscope, 
comprising of an electron beam source that generates 
25 electron beams, scanning section that scans the electron 
beams, objective lens that converges the electron beam onto 
a specimen, electron spectrometer section that analyzes the 
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energy of the electron beams into spectrum, and electron 
beam detecting section that detects part or whole of the 
electron beams analyzed by the electron spectrometer 
section, contains, at least, a computation unit that 
5 calculates using the electron beam intensity detected by 
the electron beam detecting section, and displays the 
calculation result of the computation unit on an image 
display device. 

Besides, another characteristic feature of the present 

10 invention is that a series of processes; (1) specifying a 
measuring position -» (2) specifying an element -> (3) 
measuring the energy intensity distribution of electron 
beams at an electron beam detecting section — * { 4 ) 
correcting the background and gain at the detecting section 

15 (5) specifying a background region -> (6) specifying a 

background fitting function such as a power law model 
(I=AE" r ) -* (7) specifying an integral region of signal 
intensity -» (8) displaying the signal intensity of the 
specified element at the measuring position on an image 

20 display device -* (1), which are repeated by a user 
(operator) for each measuring position and each element to 
be measured so as to acquire an element distribution image, 
are all processed on the apparatus side except for (1) 
specifying a measuring position -» (2) specifying an 

25 element. With this feature, an element distribution map of 
a specified element can be acquired in real time. In 
addition, with this feature, the operability can be 



enhanced and the measuring time can be shortened. 

Another characteristic feature of the present 
invention is that a scanning transmission electron 
microscope, comprising of an electron beam source that 
5 generates electron beams, scanning section that scans the 
electron beams, objective lens that converges the electron 
beam onto a specimen, electron spectrometer section that 
analyzes the energy of the electron beams into spectrum, 
and electron beam detecting section that detects part or 

10 whole of the electron beams analyzed by the electron 
spectrometer section, contains, at least, a computation 
unit that calculates using the electron beam intensity 
detected by the electron beam detecting section, is 
equipped with an image display device that displays the 

15 calculation result of the computation unit, and is provided 
with, at least, one or more lenses of permanent magnets 
between the electron beam energy loss spectrum (EELS 
spectrum) formed by the electron spectrometer section and 
the detecting section. 

20 The magnetic field stability of a magnetic lens using 

permanent magnets is about 1 x 10" 8 , which is more stable 
than that of a lens using electromagnets (5 x 10" 6 ) by two 
digits or more. Use of permanent magnets in electron 
spectrometer section and lens enables to reduce the drift 

25 of the EELS spectrum to 0.1 channel or less under the 
measuring condition of an element distribution image. 

As a result of the above, it becomes possible that the 



scanning transmission electron microscope is provided with 
a database of core loss energy of elements; the electron 
beam detecting section comprises of two or more channels; 
after the core loss energy of the specified element is 
5 acquired from the database, the electro-optical system of 
the electron spectrometer section and electron beam 
detecting section is adjusted automatically so that the 
electron beam of the core loss energy is detected; at the 
same time when the electron beams are scanned by the 

10 scanning section, the electron beam intensity just before 
and after the core loss energy of the specified element is 
measured by the electron beam detecting section, using at 
least each one channel; the background and gain at the 
electron beam detecting section are corrected by the 

15 computation unit; and that the electron beam intensity just 
after the core loss energy is divided by the electron beam 
intensity just before the core loss energy and the 
calculated result is displayed on an image display device 
in real time. 

20 Besides, another characteristic feature of the present 

invention is that the scanning transmission electron 
microscope is provided with a database of core loss energy 
of elements; the electron beam detecting section comprises 
of three or more channels; after the core loss energy of 

25 the specified element is acquired from the database, the 
electro-optical system of the electron spectrometer section 
and electron beam detecting section is adjusted 
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automatically so that the electron beam of the core loss 
energy is detected; at the same time when the electron 
beams are scanned by the scanning section, the electron 
beam intensity just before the core loss energy of the 
5 specified element is measured by the electron beam 
detecting section, using at least two channels, and so is 
the electron intensity just after the core loss energy, 
using at lease one channel, with this, it becomes possible 
that the computation unit corrects the background and gain 

10 at the electron beam detecting section, calculates the 
background of the electron beam intensity just after the 
core loss energy from the electron beam intensity 
distribution just before the core loss energy on the basis 
of a power law model (I=AE" r ), and than calculates the 

15 electron beam intensity just after the core loss energy 
automatically, and that the calculated result is displayed 
on an image display device in real time. 

Further, it becomes possible that the scanning 
transmission electron microscope is provided with a 

20 database of plasmon loss energy distinctive to each 
element; after the plasmon loss energy of the specified 
element is acquired from the database, the electro-optical 
system of the electron spectrometer section and electron 
beam detecting section is adjusted automatically so that 

25 the electron beam of the plasmon loss energy is detected; 
at the same time when the electron beams are scanned by the 
scanning section, the electron beam intensity of the 



plasmon loss energy of the specified element is measured by 
the electron beam detecting section; and that the 
background and gain at the electron beam detecting section 
are corrected by the computation unit and the calculated 
5 result is displayed on an image display device in real time. 

Besides, provided that the electron beam detecting 
section comprises of two or more channels, the electron 
beam intensity of each plasmon loss energy of two or more 
elements is measured by each channel of the electron beam 

10 detecting section, the background and gain at the electron 
beam detecting section are corrected by the computation 
unit, and that the calculated result of each channel of the 
electron beam detecting section is displayed in different 
tints of a specified color on an image display device in 

15 real time, it also becomes possible to display a contrast 
tuning image in which a specified element is contrasted. 

Besides, provided that the electron beam detecting 
section comprises of two or more channels; the electro- 
optical system of the electron spectrometer section and 

20 electron beam detecting section is adjusted automatically 
(this means, for example, the apparatus operates specified 
processing based on a processing program) so that the zero 
loss electron beam and plasmon loss energy electron beam 
are detected; at the same time when the electron beams are 

25 scanned by the scanning section, the zero loss electron 
beam intensity is measured, using at least one channel of 
the electron beam detecting section, and the core loss 



energy electron beam intensity is measured, using at least 
another one channel of the electron beam detecting section; 
the background and gain at the electron beam detecting 
section are corrected by the computation unit; and that the 
5 plasmon loss energy electron beam intensity is divided by 
the zero loss electron beam intensity and the calculated 
result is displayed on an image display device in real time, 
it also becomes possible to achieve film thickness mapping 
of a specimen. 

10 (Background Correction) 

The background correction and gain correction peculiar 
to the electron beam detecting section is explained 
hereunder. An electron beam detector exhibits a background 
due to thermal oscillation of electrons of the detector 

15 itself even when no electron beam has been input to the 
detector. Besides, a detector comprising of multiple 
channels exhibits different sensitivity (gain) on each 
channel. The background correction and gain correction 
peculiar to the electron beam detecting section is to 

20 correct the above two. They are corrected as follows. For 
the background correction, the intensity detected by the 
electron beam detector while the detector is kept free from 
entry of electron beam is stored in a storage device of the 
computation unit as the background. The electron beam 

25 intensity obtained during the measurement of an element 
distribution image is corrected by deducting the background 
intensity stored previously and the difference is regarded 



as the electron beam intensity. 
(Gain Correction) 

For the gain correction, AC current is superimposed 
into a drift tube while measuring the zero loss so that 
5 electron beams of even intensity enter the whole detector. 
The electron beam intensity is measured by the electron 
beam detector. The whole electron beam intensity measured 
is divided by the number of channels so as to obtain an 
average electron beam quantity per channel. The average 

10 electron beam intensity is then divided by the electron 
beam intensity measured at each channel so as to obtain a 
coefficient, which is then stored in the storage device as 
a gain correction factor of each channel. 

The electron beam intensity obtained at each channel 

15 during the measurement of an element distribution image is 
corrected by multiplying the gain correction factor of each 
channel stored previously and the product is regarded as 
the electron beam intensity. 

Besides, provided that the scanning transmission 

20 electron microscope is equipped with a secondary electron 
detecting section or Z contrast detecting section or 
fluorescent X-ray detecting section; zero loss electron 
beam intensity and secondary electron intensity or Z 
contrast electron beam intensity or fluorescent X-ray 

25 intensity are measured at the same time by the electron 
spectrometer section and electron beam detecting section; 
the background and gain at the electron beam detecting 



section are corrected by the computation unit; and that the 
secondary electron intensity or Z contrast electron beam 
intensity or fluorescent X-ray intensity is divided by the 
zero loss electron beam intensity, it becomes possible to 
5 display a secondary electron image, Z contrast image or 
fluorescent X-ray image on an image display device in real 
time. 

(Z Contrast Intensity) 

Z contrast intensity is explained hereunder. When an 

10 electron beam accelerated to several hundred keV is 
converged to a thickness of an atom and irradiated into a 
specimen, the electron beam scatters in different direction 
with the atoms constituting the specimen. Because the 
angle and intensity are determined by the atomic scattering 

15 power in dependence upon the atomic number, if any foreign 
atom is contained in the atoms of the base material, the 
scatting intensity from the foreign atom differs from that 
from other atoms. For this reason, if the scattering 
electron beam intensity at each location is measured in 

20 synchronism with the electron beam scanning on the specimen, 
a two-dimensional image contrasted in dependence on the 
atomic species can be acquired. The contrast is 
proportional to the power of 2/3 of the atomic number 
approximately. On an electron microscope, an image is 

25 acquired from the electron beam intensity that is scattered 
at a wider angle than 50 mrad. The intensity of this 
contrast is called Z contrast intensity. For more details, 
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refer to a reference literature, for example, S.J. 
Pennycook and D.E. Jesson : Ultaramaicroscopy 37 (1991) 
pp. 14-38. 

Provided that the focus of the EELS spectrum is 
5 positioned between the electron spectrometer section and 
the electron beam detecting section and the beams are 
focused on the same position in both X direction and Y 
direction, a magnifying magnetic field lens is installed 
between the EELS spectrum and the detecting section, and 

10 that the EELS spectrum is magnified by the magnifying 
magnetic field lens to the same magnification in both X 
direction and Y direction and then projected onto the 
electron beam detecting section, it becomes possible to 
suppress the aberration strain of the magnified and 

15 projected EELS spectrum. 

Since the magnifying magnetic field lens consists of a 
permanent magnetic lens for magnification and an 
electromagnetic lens for adjusting the focus onto a region 
the EELS spectrum image is formed, the magnification of the 

20 EELS spectrum is fixed. 

In a prior art, an electro magnetic lens was employed 
from the necessity of varying the energy scattering 
(magnification). According to the present invention 
applied, because the energy scattering (magnification) can 

25 be fixed, a permanent magnetic lens offering high magnetic 
field stability can be employed. As compared to an 
apparatus using quadruple electromagnetic lenses, it is 
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necessary for this apparatus to split an EELS spectrum of a 
wider range for measurement. Use of a permanent magnet, 
however, produces an effect that the optical system of the 
lens needs not be adjusted. In addition, because the drift 
5 of the EELS spectrum becomes smaller thanks to the magnetic 
field stability of the permanent magnet, automatic 
measurement and automatic computation of the EELS spectrum 
becomes feasible. Furthermore, since permanent magnetic 
lens is less expensive and lighter than an electromagnetic 

10 lens and requires no wiring, power source, nor cooling 
system, the apparatus can be of simpler construction, more 
compact, lighter, and less expensive. 

Processing and functions of each section can be 
realized as hardware using a circuit device for each 

15 section, or as software using a computation circuit device 
such as microprocessor, personal computer or workstation. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a schematic block diagram showing the main 
20 portion of the first embodiment of the present invention. 

Fig. 2 is a diagram showing an example of processing 
for acquiring an element mapping image. 

Fig. 3 (a) and (b) are diagrams showing an example of 
secondary aberration of the EELS spectrum. 
25 Fig. 4 (a) and (b) are diagrams showing an example of 

the EELS spectrum of core loss electron. 

Fig. 5 (a) and (b) are diagrams showing an example of 
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the EELS spectrum of plasmon loss electron. 

Fig. 6 is a diagram showing an element mapping unit 
according to the second embodiment of the present invention. 
Fig. 7 is a diagram showing an example of a control 
5 unit . 

Fig. 8 is a diagram showing an example of processing 
for acquiring an element mapping image. 

Fig. 9 is a diagram showing an example of a two- 
dimensional element distribution map of a semiconductor 



BEST MODE FOR CARRYING OUT THE INVENTION 
(The First Embodiment) 

Fig. 1 is a schematic block diagram showing the main 
15 portion of a scanning transmission electron microscope 
(hereinafter, sometimes called the electron microscope) 
equipped with an energy filter for an element mapping unit 
according to an embodiment of the present invention. Fig. 
1 (a) is a front view and Fig. 1 (b) is a view (plan view) 
20 of Fig. 1 (a) from an electron beam source 1. In this 
figure, the electron microscope body includes the 
components from an electron source 1 up to a Z contrast 
detector 21. The electron microscope contains structures, 
not shown, for controlling the electron beam scanning and 
25 others so as to function as an electron microscope. The 
portion from a sextuple electromagnetic lens 14 up to an 
electron beam detector 13 is shown as the energy filter for 
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an element mapping unit. Signals to and from a computation 
unit 23 are transmitted via a signal line 103. Connected 
to the computation unit 23 are an input device such as 
keyboard, database 24, and image display device 25 as shown. 
5 The composition of an element mapping unit includes the 
computation unit 23, signal line 103, input device and 
database, and image display device 25, but sometimes the 
energy filter for the element mapping unit is also included. 
The electron beam source 1 can be, for example, a cold 

10 cathode field emission type electron beam source. The 
electron beam 2 generated by the electron beam source 1 is 
deflected by an electron beam scanning coil 3 . The 
deflected electron beam 2 is converged onto the surface of 
a specimen 5 by the magnetic field 4 above an objective 

15 lens, and then forms a scanning object point 7 just after 
the magnetic field 6 beneath the objective lens. The 
scanning object point 7 does not shift even when the 
electron beam 2 is scanned over the specimen by the 
electron beam scanning coil. 

20 The electron beam diffracted on the specimen forms an 

image object point 9 before an image-forming lens 8. 
Although the image object point 9 shifts when the electron 
beam 2 is scanned, a transmission electron microscope (TEM) 
image formed at the image object point will not shift. In 

25 an ordinary EELS, the image object point 9 is formed at the 
object point 10 through the image- forming lens 8 and used 
as a virtual light source in measuring the EELS spectrum. 
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In this embodiment, however, the scanning object point 7 is 
formed at the object point 10 through the image-forming 
lens 8 and used as a virtual light source. Since the 
aberration condition of an electron spectrometer 11 changes 
5 as the light source position shifts, the above ordinary 
method is not suitable for EELS measurement with high 
energy stability. 

The electron beam using this object point 10 as a 
virtual light source enters the fan-shaped electron 

10 spectrometer 11. The magnetic field of the permanent 
magnet constituting the electron spectrometer 11 is 
generated as a magnetic field space perpendicular to the 
surface of Fig. 1. The electron beam entered into the 
electron spectrometer 11 is deflected by 90 degree and, at 

15 the same time, analyzed of its energy into spectrum, and 
then focused onto the energy scattering plane 12. In this 
embodiment, the energy scatting plane 12 is located between 
the electron spectrometer 11 and the electron beam detector 
13, and yet the electron beam is focused at the same point 

20 in both energy scattering (X) direction and Y direction 
(double-focus). Further, a spectrum formed on the energy 
scattering plane 12 contains aberration peculiar to the 
electron spectrometer 11 (Refer to Fig. 3). 

Fig. 3 shows two-dimensional images of the EELS 

25 spectrum 18 formed on the electron beam detector 13. Fig. 
13 (a) shows in what shape the electron beam entered at the 
center and that with ±100 eV energy from the center are 
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projected on the detector. Fig. 13 (b) shows how each 
electron beam with 0 eV, 100 eV and 200 eV loss energy is 
projected on the detector. Widening shown in Fig. 3 is a 
secondary aberration image 26 formed by the effect of the Y 
5 focus and secondary aberration of the apparatus . This 
aberration is corrected by the sextuple electromagnetic 
lens 14 installed upstream the electron spectrometer 11. 

In this embodiment, a spectrum formed on the energy 
scatting plane 12 is about 1 eV/fim if the rotating radius 

10 of the electron beam of the electron spectrometer 11 is 100 
mm. This is magnified to X100 by a magnifying magnetic 
field lens 15. In doing this, the magnetic field of a 
focus-adjusting electromagnetic lens 16 is adjusted so as 
to match the focus position of the magnifying magnetic 

15 field lens 15 with the energy scattering plane 12. With 
the above, the EELS spectrum 18 projected on the electron 
beam detector 13 comes to 0.01 eV/jim. If a multi-channel 
plate array of 25 ^m/channel is used as the electron beam 
detector 13, 0.25 eV/channel is available. Since the 

20 detector comprises of 1024 channels, approximately 250 eV 
becomes available in a full range. 

A portion of this embodiment comprising of the 
sextuple electromagnetic lens 14, electron spectrometer 11, 
magnifying magnetic field lens 15, focus-adjusting 

25 electromagnetic lens 16, and electron beam detector 13 is 
called the energy filter for a element mapping unit. The 
energy filter for an element mapping unit is so installed 
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that the zero loss electron beam is positioned at the 
center of the electron beam detector 13. The intensity of 
a core loss electron beam that has lost 250 eV or more is 
measured by accelerating the core loss electron beam in an 
5 accelerating tube 19 installed inside the electron 
spectrometer 11. To measure the intensity of a core loss 
electron beam that has lost 500 eV # 500 V is applied to the 
accelerating tube to accelerate the core loss electron beam, 
As a result of the above, the core loss electron beam that 
10 needs to be measured can be positioned at the center of the 
detector 13. 

Since the afore-mentioned energy filter for an element 
mapping unit is structured using permanent magnets as the 
magnifying magnetic field lens 15, neither wiring for 

15 electromagnet nor cooling system for electromagnetic lens 
is needed, hence enabling to simplify the structure and 
lighten the weight of the apparatus. In addition, since 
electromagnets are used only in the sextuple 
electromagnetic lens 14 for removing secondary aberration 

20 and the electromagnetic lens 16 for adjusting the focus of 
the magnifying lens, less effect is caused in terms of 
power supply stability. 

Achieving element mapping in real time requires that 
the energy loss peak can be recognized and that every 

25 electron beam that has lost the same energy during the 
measurement is focused on the same position of the electron 
beam detector. In this embodiment, any variation in the 
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condition of the sextuple electromagnetic lens 14 gives 
little effect on the measurement. Even if the magnetic 
field of the electromagnetic lens 16 for adjusting the 
focus of the magnifying lens varies by about ±5 x 10" 6 or so, 
5 the focus position shifts only by 1 [un or so and the 
magnification varies only by about ±5 x 10" 4 , giving no 
effect on the measurement. 

The embodiment disclosed above has covered an example 
of scanning transmission electron microscope equipped with 

10 an energy filter for an element mapping unit that uses 
permanent magnets. Next, an embodiment of a real-time 
element mapping method according to the above embodiment is 
explained hereunder. 

An example of processing for acquiring an element 

15 mapping image is explained hereunder, using Fig. 2. 

With a combined analyzer of conventional EELS and STEM, 
According to a prior art, a user must repeat a series 
of processes; (1) selecting an element to be analyzed — > 
(2) checking the electron beam loss energy -» (3) adjusting 

20 the drift tube voltage of a PEELS unit -» (4) confirming 
the spectrum -» (5) specifying a region of analysis -> (6) 
measuring the electron beam loss energy intensity 
distribution -» (7) correcting the background and gain of a 
measuring means -» (8) specifying a background region -> 

25 (9) specifying a background fitting function such as a 
power law model (I=AE" r ) -> (10) specifying an integral 
region of the signal intensity -> (11) displaying the 
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signal intensity of the specified element at the measuring 
position on an image display device -» (1), for every 
measuring position and every element to be analyzed so as 
to acquire an element distribution image. 
5 According to the embodiment of the present invention, 

however, the operator is required to be involved only in 
(1) element specification process 201 -> (4) spectrum 
confirmation process 204 -» (5) analysis region 
specification process 205 for specifying a region of 

10 measurement; and other processes for the measurement 
including (2) checking the electron beam loss energy -» (3) 
adjusting the drift tube voltage of an EELS unit -> (6) 
measuring the electron beam loss energy intensity 
distribution -> (7) correcting the background and gain of a 

15 measuring means -> (8) specifying a background region -> 
(9) specifying a background fitting function such as a 
power law model (I=AE" r ) -* (10) specifying an integral 
region of the signal intensity -» (11) displaying the 
signal intensity of the specified element at the measuring 

20 position on an image display device -» (1) are repeatedly 
carried out, under the control of the computation unit 23, 
for every measuring point and/or every element to be 
analyzed by controlling the electron microscope itself and 
the energy filter for the element mapping unit, thereby 

25 enabling to acquire an element distribution image of a 
specified element in real time. 

In other words, as an example shown in Fig. 2, a 
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series of processes including (1) analysis element 
specification process 201 for selecting an element to be 
analyzed, (2) EELS table check process 202 for checking the 
electron beam loss energy, (3) drift tube voltage adjusting 
5 process 203 for adjusting the drift tube voltage, (4) 
spectrum confirmation process 204 for confirming the 
spectrum, and (5) analysis region specification process 205 
for specifying a region of analysis are carried out. 

Further, (6) measurement process 206 for measuring the 

10 electron beam loss energy intensity distribution is carried 
out by repeating the next processes 207 to 210. First, the 
spectrum acquisition process 207 for acquiring the spectrum 
is carried out, in which a process for correcting the 
background and gain of the electron beam detector 13 can be 

15 included. In (8) background correction process 208, the 
background region is specified and the background fitting 
function is specified. 

In the strength difference calculation process 209, 
the integer region of the signal intensity is specified. 

20 Then, the measurement completion judgment process 210 for 
checking whether the measurement has completed at every 
measuring point and judging completion of the measurement. 
If not completed (in case of NO as shown), the processing 
returns to process 207. If completed (in case of YES as 

25 shown), (11) element mapping image display process 211 for 
displaying the signal intensity of a specified element at a 
specified measuring position on an image display device is 
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carried out on the basis of the result from the measurement 
process 206. 

Since the energy stability of an EELS spectrum of a 
conventional EELS is about ±5 x 10" 6 , the position of the 
5 energy loss peak drifts during the measurement by several 
channels on a multi-channel plate array of 25 nm/channel 
used as the electron beam detector 13. According to the 
afore-mentioned embodiment, however, since the energy 
stability of the EELS spectrum improves to about ±1 x 10" 8 , 
10 drift of the energy loss peak during the measurement can be 
controlled within one channel of the electron beam detector 
13. 

Fig. 4 shows shapes of the EELS spectrum of the core 
loss electron. Core loss electron is caused by excitation 
15 of an inner shell electron of an atom by electron beam, and 
it is an electron that has lost energy peculiar to the 
element. 

(2 -Window Method) 

When a core loss spectrum is measured by a method 
20 where each region just before the core loss peak 27 (pre- 
window 28) and just after it (post-window 29) is regarded 
as a window (2-window method), it is necessary to determine 
the width of the window and the energy width between the 
windows. In this embodiment, this measuring operation is 
25 automated by maintaining these pieces of information on the 
database 24 in Fig. 1. With a conventional EELS, however, 
even if a similar database is provided, the user must 
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determine the position and width of the windows judging 
from actual spectrum because of energy instability of the 
spectrum due to the shift of the electro-optical system. 
Thus, automated measurement is not feasible. 
5 The database 24 stores condition data on the core loss 

energy (eV), window width (number of channels) and window 
interval (number of channels) corresponding to each element, 
When the user specifies an element to be measured, voltage 
equivalent to the core loss energy is applied to the 

10 accelerating tube 19 and the window width and interval 
given by the database 24 are applied to the electron beam 
detector 13. The electron beam intensity acquired from the 
two windows is corrected of the background and gain 
peculiar to the electron beam detector 13 by the 

15 computation unit 23, and then the intensity ratio of the 
two windows is calculated and the result is displayed on 
the image display device 25. On this occasion, a control 
signal 101 is outputted from the computation unit 23 to the 
electron microscope main unit via the signal line 103 and 

20 the above processing is interlocked with the electron beam 
scanning coil 3 so as to acquire an element distribution 
image in real time. This method enables to acquire an 
element distribution image with no effect of the background 
in short computation time. 

25 (3 -Window Method) 

A 3-window method is explained hereunder, using Fig. 4 
(b). Similarly as in the 2-window method explained in 
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reference to Fig. 3, the database 24 stores condition data 
on the core loss energy (eV), window width (number of 
channels) and window interval (number of channels) and, 
when the user specifies an element to be measured, voltage 
5 equivalent to the core loss energy is applied to the 
accelerating tube 19. Then, the window width and interval 
given by the database 24 are applied to the electron beam 
detector 13 (See Fig. 4 (b), EELS spectrum is measured, and 
the result is corrected of the background and gain peculiar 

10 to the detector. The electron beam intensity of the two 
windows on the lower energy side of the core loss (pre- 
window-1 30 and pre-window-2 31) is calculated in 
accordance with the power law model (I=AE" r ) and the 
background 32 of the window on the higher energy side of 

L5 the core loss is calculated. The calculated background 32 
is then deducted from the electron beam intensity of the 
post-window 29 on the higher energy side of the core loss 
and the result is displayed on the image display device 25. 
As the control signal 101 is sent from the computation unit 

20 23 to the electron microscope main unit via the signal line 
103 to control the electron beam scanning coil 3 of the 
electron microscope, the above processing is interlocked 
with the scanning coil. Further, the control signal 102 is 
sent from the computation unit 23 to the energy filter for 

25 an element mapping unit via the signal line 103 to control 
the optical system and drift tube. Since intervention by 
operator can be minimized as a result of the above, it 
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becomes possible to acquire an element distribution image 
in real time. 

This method has an advantage that a quantitative 
element distribution image can be acquired. For 
5 quantification, the core loss intensity measured must be 
corrected by the zero loss intensity and film thickness of 
a specimen. Since the zero loss intensity and film 
thickness distribution image of a specimen can be measured 
together with the core loss intensity, a qualitative 

10 element distribution image can be acquired simply by 
doubling the time required for the measurement at each 
point so as to measure the zero loss intensity and film 
thickness distribution and correcting the result by the 
computation unit 23. 

15 A typical data on the core loss peak 27 stored in the 

database 24 will be, in case of iron (Fe): EL2 : 721 eV, 
EL3: 798 eV, 2 -window method: Wl : 50 channels, AW: 4 
channels, W2 : 50 channels, 3-window method: Wl: 25 channels, 
AW12: 0 channel, W2 : 25 channels, AW23: 2 channels, W3 : 50 

20 channels. The window width (W) and interval (AW) data may 
contain the energy width instead of the number of channels. 
(Contrast Tuning) 

Next, how to acquire a contrast tuning image is 
explained hereunder, using Fig. 5. Different material may 
25 have different plasmon loss energy: for example, plasmon 
loss peak 34 of silicon, plasmon loss peak 35 of nitride 
silicone, and plasmon loss peak 36 of silicon oxide. Since 
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the peak width of a plasmon loss is as small as 2 to 5 eV, 
8 to 20 channels are necessary on the electron beam 
detector. Because an energy difference between the plasmon 
peak of each material is small, whether the material 
5 contained in the specimen has changed in quantity or the 
EELS spectrum has drifted cannot be distinguished with a 
conventional EELS. In this embodiment, however, because 
drift of the EELS spectrum is small enough, shift of the 
peak is caused only by a change in the quantity of the 

10 material in question. Thus, distinction of material by 
contract tuning becomes available. 

The plasmon loss peak for each silicone, silicone 
nitride and silicone oxide is 17 eV, 19 eV and 23 eV, 
respectively. Data to be registered in the database will 

15 be: plasmon peak: E si : 17 eV, W: 10 channels, E siK : 19 eV, W; 
10 channels, E sio : 23 eV, W: 10 channels, respectively. The 
window width (W) data may contain the energy width instead 
of the number of channels. 

In this embodiment, the contrast tuning method is 

20 first selected. Then, an element to be analyzed is 
specified. For example, silicone, silicone nitride and 
silicone oxide are selected. At the same time, display 
color is also specified (for example, intensity from 
silicone window 38 is in red, intensity from silicon 

25 nitride window is in blue, and intensity from silicone 
oxide window is in green) . After retrieving the plasmon 
peak position data of silicone, silicon nitride and 
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silicone oxide from the database, the voltage of the 
accelerating tube 22 of the electron spectrometer 11 is set 
to the center value of the element to be analyzed. Then, 
the window width of the plasmon peak measurement region is 
5 determined from the channel position of the detector 
corresponding to the peak position. 

After correcting the background and gain peculiar to 
the electron beam detector 13, the electron beam intensity 
measured at each channel is accumulated within the range of 

10 the specified window. The acquired electron beam intensity 
is divided by the number of channels of each window to make 
an average electron beam intensity per channel. This 
electron beam intensity is displayed in different tints of 
a color specified previously on an image display device. 

15 When this processing is interlocked with the electron beam 
scanning coil 3 and carried out automatically, a contract 
tuning image can be acquired in real time. 

If the zero loss intensity 37 is measured together in 
acquiring the contrast tuning image and the afore-mentioned 

20 average electron beam intensity is divided by this electron 
beam intensity, it is also possible to acquire a contrast 
tuning image that has been corrected of variation of 
incident electron beam intensity. 
(Film Thickness Mapping) 

25 In addition, if the whole plasmon loss peak 33 is set 

as a plasmon loss window 41 and a zero loss window 42 is 
set at the zero loss peak 37, a value relating to the film 
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thickness of the specimen can be acquired by dividing the 
plasmon loss electron beam intensity by the zero loss 
intensity + plasmon intensity (total electron beam 
intensity measured) . When this processing is interlocked 
5 with the electron beam scanning coil 3 and carried out 
automatically, a film thickness mapping image can be 
acquired in real time. 

Film thickness mapping is important and essential 
information for the quantification of element distribution. 

10 According to this embodiment, since a core loss image and a 
film thickness mapping image can be acquired at the same 
time by varying the voltage of the accelerating tube 19, a 
quantitative element mapping image can be acquired very 
easily by calculation in the computation unit 23. In other 

15 words, the core loss intensity is a product of the film 
thickness of the specimen and the element quantity and 
electron beam scattering power in the measuring region. 
Because the electron beam scattering power is a constant 
peculiar to each element, the core loss intensity acquired 

20 must be divided by the film thickness to acquire the 
element quantity. When the core loss intensity and film 
thickness are measured at each measuring point and the core 
loss intensity is divided by the film thickness in the 
computation unit 23, a quantitative element distribution 

25 map can be acquired. 

(Elimination of Chip Noise) 

Lastly, elimination of chip noise is explained 
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hereunder. Since a STEM acquires a two-dimensional image 
by scanning the electron beam with the help of the 
secondary electron detector 20, Z contrast detector 21 and 
fluorescent X-ray detector 22, various information can be 
5 acquired with high space resolution. The two-dimensional 
image, however, differs in measurement timing slightly from 
point to point. If a chip noise, which is a phenomenon 
where the incident intensity of the electron beam varies by 
time, occurs, the intensity of the measured data (secondary 

10 electron, transmitted electron, fluorescent X-ray, and EELS 
spectrum) also varies. As a result, there arises a problem 
that whether the acquired result is affected by a chip 
noise or true data from the specimen cannot be 
distinguished. Particularly on a STEM using a field 

15 emission type electron beam source, chip noise is apt to be 
caused. 

Knowing that the EELS spectrum measurement can be 
operated together with the measurement of a secondary 
electron image, Z contrast image and fluorescent x-ray 
20 image using the secondary electron detector 20, Z contrast 
detector 21 and fluorescent X-ray detector 22, chip noise 
has been eliminated by utilizing the zero loss electron 
beam intensity as an intensity monitor for the incident 
electron beam. 

25 When the zero loss intensity is measured (and 

corrected of the background and gain of the electron beam 
detector using the computation unit 23) according to this 
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embodiment , the secondary electron intensity, Z contrast 
intensity and fluorescent X-ray intensity are measured at 
the same time or in parallel. By dividing the secondary 
electron intensity, Z contrast intensity and fluorescent X- 
5 ray intensity by the zero loss electron beam intensity 
using the computation unit 23, variation of the incident 
electron beam intensity can be eliminated. When this 
processing is interlocked with the electron beam scanning 
coil 3 and carried out automatically (that is, the 

10 apparatus is so controlled that the electron beam is moved 
onto a measuring point by operating the electron beam 
scanning coil 3 and measure and calculate there, and then 
the electron beam is moved onto another measuring point by 
operating the electron beam scanning coil 3 and measure and 

15 calculate there, and then another repeatedly), a secondary 
electron, z contrast image and fluorescent X-ray image free 
from chip noise can be acquired. 
(Second Embodiment) 

The second embodiment of the present invention is 
20 explained hereunder. This embodiment covers an example of 
an element mapping unit wherein an element to be observed 
can be changed to another in the course of the observation 
so as to acquire a distribution image of multiple elements 
and observation position can be varied or observation 
25 magnification can be varied while observing an element 
distribution image. 

Fig. 6 shows an energy filter and control unit 50. For 
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the energy filter in this embodiment, the electron beam 
detector 13 is installed at the position where the energy 
scattering plane 12 of the energy filter in the first 
embodiment is located, and the focus-adjusting 
5 electromagnetic lens 16 is provided upstream the electron 
spectrometer 11 and the magnifying lens 15 down stream the 
electron spectrometer 11. 

In this embodiment, a scanning transmission electron 
microscope (STEM) explained in the first embodiment is 

10 employed (Refer to Fig. 1). A 1024-channel multi channel 
plate array is used for the electron beam detector 13. The 
electron spectrometer 11 is arranged so that the zero loss 
electron beam that has passed through the optical axis 4 9 
of the electron spectrometer 11 enters the center channel 

15 (for example, 501st channel). 

Fig. 7 shows the control unit 50 of an element mapping 
unit according to this embodiment. The control unit 50 
comprises of a STEM control section 51 that controls the 
STEM, energy filter control section 52 that controls the 

20 energy filter, storage device 53 that stores core loss 
energy (inner shell electron loss energy), electron beam 
intensity and correction data of each element, computation 
section 54 that carries out correction and electron beam 
ratio calculation, and central control unit 55 that control 

25 each section. 

In the storage device 53, as in the first embodiment, 
acceleration voltage data corresponding to each element, 
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position data Wl of the pre-window 28, position data W2 of 
the post-window 29, and interval AW between the pre-window 
28 and post-window 29 have been stored. The position data 
Wl of the pre-window 28 is predetermined for each element 
5 by the position and width corresponding to the channel of 
the electron beam detector 13 so that the pre-window 28 
covers a spectrum with a little less energy than the core 
loss peak 27 , and so is the position data W2 of the post- 
window 29 so that the post-window 29 covers from a spectrum 

10 with a little energy than the core loss energy up to the 
core loss peak 27 and a spectrum a little greater than it. 
With the above data for each element stored in the storage 
device 53, the element mapping unit of this embodiment 
performs different control for each element automatically. 

15 How to acquire multiple element mapping images using 

the element mapping unit of the embodiment is explained 
hereunder. Fig. 8 shows a processing flow. 

The operator (1) sets a specimen on a STEM, (2) 
carries out initial adjustment of the STEM, including 

20 adjustment of the optical axis of the STEM, and (3) carries 
out initial adjustment of the energy filter. The initial 
adjustment of the energy filter includes adjusting the 
magnetic field of the electron spectrometer 11 so that the 
zero loss electron beam passes through the optical axis 49 

25 of the electron spectrometer 11, adjusting the magnetic 
field of the focus-adjusting electromagnetic lens 16 so 
that the electron beam analyzed into spectrum focuses onto 
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the energy scattering plane 12, and adjusting the magnetic 
field of the magnifying lens 15 so that the spectrum 
spreads over a specified region of the energy scattering 
plane. 

5 Next, the central control unit 50, controlling the 

STEM control section 51 and energy filter control section 

52, (4) acquires data for background correction and gain 
correction and stores the date in the data storage device 

53. (5) The operator confirms the region on the specimen 
10 that needs to be analyzed for element distribution, and (6) 

inputs the element that needs to be first analyzed for 
distribution from an input device 56. In this embodiment, 
Fe is inputted. 

Then, measurement of the electron beam intensity 

15 starts. (7) The central control unit 55 sends the 
acceleration voltage data for Fe, 7 08 V from the storage 
device 53 to the energy filter control section 52. The 
energy filter control section 52 applies the acceleration 
voltage 708 V, corresponding to the core loss energy, to 

20 the accelerating tube 19. (8) The central control unit 55 
controls the STEM control section 51 and moves the electron 
beam onto the measuring point PI on the region to be 
measured for element distribution. 

The electron beams transmitted through the specimen 

25 are analyzed into spectrum by the electron spectrometer 11. 
Of the electron beams analyzed into spectrum, the core loss 
electron beam corresponding to the core loss energy 708 V 
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for Fe passes along the optical axis 49 of the electron 
spectrometer 11 and enters into the 501st channel of the 
electron beam detector 13. 

On this occasion, the electron bean intensity entered 
5 into each channel of the electron beam detector 13 is 
inputted into the STEM control section 51. (9) The STEM 
control section 51 outputs the spectrum SI covered by the 
pre-window 28 and the spectrum S2 covered by the post- 
window 29 in accordance with the window data acquired from 

10 the storage unit, that is, Wl (in case of Fe, data on 50 
channels corresponding to the 431st to 480th channels of 
the electron beam detector 13), W2 (in the same case, data 
on 50 channels corresponding to the 485th to 534th channels 
of the electron beam detector 13), and AW (in the same case, 

15 data on 4 channels of the electron beam detector 13). The 
spectrum SI represents the electron beam intensity entered 
into the 431st to 480th channels, that is, a spectrum in a 
range of 704.5 to 707 eV, and the spectrum S2 represents 
the electron beam intensity entered into the 485th to 534th 

20 channels, that is, a spectrum in a range of 704 to 714.5 eV 
including the core loss peak 207. The storage device 53 
stores these spectrum SI and spectrum S2 along with the 
electron beam position Pi on the specimen. 

Next, (10) the computation section 54 carries out the 

25 background and gain correction of the spectrum SI and 
spectrum S2, using the data for correction stored in the 
storage device 53 in step (4) above. (11) The computation 
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section 54 divides the corrected spectrum SI by the 
corrected spectrum S2 so as to acquire the electron beam 
intensity. Then, superimposes the measurement region on 
the intensity ratio at position P and displays the result 
5 on the display device 25 in different contrast proportional 
to the intensity ratio and in different color for each 
element . 

Until a different element is specified, the central 
control unit 55 controls the STEM control section 51, moves 

10 the electron beam to the next measurement point P2, and 
repeat steps (7) to (12). (13) When the operator changes 
the element to Cu, the acceleration voltage corresponding 
to Cu is applied to the accelerating tube 19 in step (7), a 
spectrum is acquired using the window data corresponding to 

15 Cu in step (9), and steps (7) to (12) are repeated in the 
same manner as for Fe. Even when another element is 
specified, a two-dimensional element distribution image can 
be acquired by repeating steps (7) to (12) in accordance 
with the applicable data stored previously. 

20 According to the mapping unit of the embodiment, since 

the acceleration voltage data and window data on each 
element have already been prepared in the storage device 53 
and the control unit 50 performs measurement for the 
changed element immediately, the operator is allowed to 

25 change the element to observed in the course of the 
observation and confirm a two-dimensional element 
distribution image on the display device 24 immediately. 
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Beside, since every electron beam entered into the energy 
filter passes through the object point 10, aberration 
strain on the electron spectrometer 11 can be minimized and 
high energy stability is achieved. As a result, drift of 
5 the electron energy loss spectrum acquired by analyzing the 
electron beam into spectrum can be minimized and element 
distribution with higher accuracy can be acquired. 

An example of measurement on a semiconductor element 
using the mapping unit of the embodiment is explained 

10 hereunder. Fig. 9 is a two-dimensional element 

distribution image acquired by measurement where the 
element to be analyzed is switched oxygen O -> nitrogen N 
-» oxygen O. The specimen is a capacitor portion of 64 
Mega DRAM (dynamic random access memory), and silicon oxide 

15 film and silicon nitride film are used as the insulation 
film. It was possible even with a prior art to acquire a 
two-dimensional distribution image of oxygen and nitrogen 
separately, but impossible to know the positional 
relationship between the silicon oxide film and silicon 

20 nitride film from these two-dimensional images. With this 
embodiment, however, two different distribution images of 
oxygen and nitrogen can be acquired in the same measurement 
region, and accordingly the positional relationship between 
the silicone oxide film and silicon nitride film can be 

25 defined at high resolution in nanometers or less. 

Although the element to be observed is changed in the 
course of the observation in this embodiment, it is also 
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possible to change the measurement region of the element or 
change the magnification of the observation while observing 
the element distribution image. As a result, a rough 
region where the element in question exists can be found 
5 out and accordingly the filed of view can be confirmed more 
quickly. 

It is advisable that a means for specifying an element 
and a means for specifying a measurement region be provided 
on the input device 56 for smooth change of the element 

10 and/or measurement region to be analyzed for distribution. 
For example, it is advisable that selection buttons for 
various elements and available measurement regions on the 
specimen are displayed along with the two-dimensional 
element distribution map of the region measured already. 

15 The operator specifies a button for the element to be 
analyzed in case of changing the element and specifies a 
region to be measured in case of changing the measurement 
region. 

It is also possible in obtaining the element 
20 distribution that the position P of the electron beam is 
not moved but fixed and spectra of multiple elements are 
measured. Although the time required for the measurement 
increases by the number of sorts of elements in this case, 
two-dimensional element distribution of multiple elements 
25 can be acquired simply by single scanning over the 
measurement region of the specimen. 

Besides, although the window data stored in the 
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storage device is utilized in step (9) in this embodiment, 
it is also allowable that the operator observes the 
electron energy loss spectrum on the display device 25 and 
determines the pre-window 28 and post-window 29 so as to 
5 use them as the window data. 

Besides, although the accelerating tube 19 is employed 
to accelerate the core loss electron beam in this 
embodiment, it is also allowable to provide other 
accelerating means between the specimen 5 and the focus- 

10 adjusting lens 16. 

Although a multi-channel plate array is employed as 
the electron beam detector 13 in this embodiment, it is 
also allowable to employ scintillation detectors 61 to 63 
corresponding to each window width (See Fig. 6). with 

15 these, a two-dimensional element distribution image is 
generated by the 3-window method. That is, the 

scintillation detector 61 corresponds to the pre-window-1 
30, scintillation detector 62 to the pre-window-2 31, and 
scintillation detector 63 to post-window 29. The 

20 scintillation detectors 61 to 63 convert the intensity of 
the entered electron beam into electrical signals and input 
into the STEM control section 51. 

Provided that, the STEM control section 51 outputs the 
intensity II, 12, and 13 of the entered electron beam to 

25 each detector in step (9) and, after these electron beam 
intensities are corrected by the computation section 54 in 
step (10), the background electron beam intensity 32 is 
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acquired by applying II and 12 to the power law model (I=A 
x e~ r ) in step (11) , and that the difference from the 
electron beam intensity 13 is calculated, quantitative 
element distribution can also be acquired. 
5 Besides, scintillation detectors with fixed width (for 

example, 1 mm/channel) can be employed instead of the 
scintillation detectors corresponding to each window width. 

Further, in the contrast tuning method, it is also 
allowable to change the element in the course of the 
10 observation and measure the plasmon peak as in this 
embodiment . 



INDUSTRIAL APPLICABILITY 

According to the present invention, a combined 
15 analyzer of EELS and STEM can provide an apparatus and 
method that enable to acquire an element distribution image 
in real time. 
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WHAT IS CLAIMED IS: 

1 . An element mapping unit that generates a distribution 
image of an element contained in an object to be analyzed 
on the basis of the energy spectrum of the electron beam 

5 transmitted through the object to be analyzed and the 
irradiation position of the electron beam on the object to 
be analyzed; comprising of 

an accelerating tube that accelerates the electron 
beam transmitted through the object to be analyzed; 
10 an electron spectrometer that analyzes into spectrum 

the energy of the electron beam transmitted through the 
object to be analyzed; 

an electron beam detector that detects the intensity 
of the electron beam; and 
15 a control unit that controls the accelerating tube so 

that the electron beam, which has lost specific energy 
corresponding to the element to be analyzed, enters into a 
fixed position in the electron beam detector; 

and detects the element to be analyzed on the basis of 
20 the intensity of the electron beam within a predetermined 
energy range out of those electron beam intensities 
detected above. 

2 . An element mapping unit according to Claim 1 , wherein 
25 the control unit contains a storage section that 

stores in memory the acceleration voltage for accelerating 
the electron beam that has lost specific energy and the 
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energy range of the electron beam to be used for detecting 
the element to be analyzed; and 

a computation section that detects the element to be 
analyzed using the electron beam intensity within the 
5 afore-mentioned energy range stored previously. 

3 . An element mapping unit according to Claim 2 , wherein 
the storage section stores correction data for 

eliminating the effect peculiar to the electron beam 
10 detector from the detected electron beam; and 

the computation section corrects the detected electron 
beam in accordance with the correction data. 

4. An element mapping unit according to Claim 2, wherein 
15 the electron beam detector contains multiple electron 

beam detecting sections corresponding to the electron beam 
energy; 

the storage section stores the 1st energy range, which 
is a range including the core loss energy and core loss 

20 peak, and the 2nd energy range, which is a range smaller 
than the core loss energy, out of an inner shell electron 
energy loss spectrum of the element to be analyzed; 

the control unit detects the 1st electron beam 
intensity detected by the electron beam detecting section 

25 corresponding to the 1st energy range and the 2nd electron 
beam intensity detected by the electron beam detecting 
section corresponding to the 2nd energy range on the basis 
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of the stored 1st energy range and 2nd energy range; 

the computation section divides the 1st electron beam 
intensity by the 2nd electron beam intensity so as to 
detect the element to be analyzed. 

5 

5. An element mapping unit according to Claim 2, wherein 

the electron beam detector contains multiple electron 
beam detecting sections corresponding to the electron beam 
energy; 

10 the storage section stores the 1st energy range, which 

is a range including the core loss energy and core loss 
peak, and the 2nd and 3rd energy ranges, which are two 
ranges each smaller than the core loss energy, out of an 
inner shell electron energy loss spectrum of the element to 

15 be analyzed; 

the control unit detects the 1st electron beam 
intensity detected by the electron beam detecting section 
corresponding to the 1st energy range, 2nd electron beam 
intensity detected by the electron beam detecting section 

20 corresponding to the 2nd energy range, and 3rd electron 
beam intensity detected by the electron beam detecting 
section corresponding to the 3rd energy range on the basis 
of the stored 1st energy range, 2nd energy range, and 3rd 
energy range; 

25 the computation section acquires the background 

intensity of the 1st energy range in accordance with the 
2nd electron beam intensity and 3rd electron beam intensity, 
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and calculates the difference between the 1st energy range 
and the acquired background intensity so as to detect the 
element to be analyzed. 

5 6 . An element mapping unit according to Claim 2 , wherein 

the electron beam detector contains multiple electron 
beam detecting sections corresponding to the electron beam 
energy; 

the storage section stores the plasmon energy range 
10 including the plasmon peak out of the inner shell electron 
energy loss spectrum of the element to be analyzed; 

the control unit detects the plasmon loss intensity of 
the electron beam detected by the electron beam detector 
corresponding to the plasmon energy range on the basis of 
15 the stored plasmon loss energy range; and 

the computation section detects the element to be 
analyzed on the basis of the detected plasmon loss 
intensity. 

20 7. An element mapping unit according to Claim 1, wherein 

the control unit controls the accelerating tube so 
that the 1st electron beam, which has lost specific energy 
corresponding to the 1st element to be analyzed, enters 
into a fixed position in the electron beam detector; 

25 detects the 1st element on the basis of the 1st 

electron beam intensity in a predetermined energy range out 
of the detected 1st electron beam intensities; 
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when the 2nd element to be analyzed is inputted from 
the outside, 

controls the accelerating tube so that the 2nd 
electron beam, which has lost specific energy corresponding 
5 to the 2nd element to be analyzed, enters into a fixed 
position in the electron beam detector; and 

detects the 2nd element on the basis of the 2nd 
electron beam intensity in a predetermined energy range out 
of the detected 2nd electron beam intensities; 

10 

8. A scanning transmission electron microscope, eguipped 
with the element mapping unit according to Claim 1 or Claim 

8, that irradiates electron beams onto an object to be 
analyzed and supplies the electron beams, which have 

15 transmitted through the object to be analyzed, to the 
element mapping unit. 

9. An element mapping method that generates a 
distribution image of an element contained in an object to 

20 be analyzed on the basis of the energy spectrum of the 
electron beam transmitted through the object to be analyzed 
and the irradiation position of the electron beam on the 
object to be analyzed; including 

a step for irradiating electron beams onto the object 
25 to be analyzed; 

a step for accelerating the electron beam transmitted 
through the object to be analyzed; 
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a step for analyzing into spectrum the energy of the 
electron beam transmitted through the object to be 
analyzed; 

a step for detecting the intensity of the electron 
5 beam by an electron beam detector; 

a step for detecting an element to be analyzed on the 
basis of the electron beam intensity; and 

a step for moving the position of the electron beams 
to be irradiated onto the object to be analyzed; wherein 
10 the step for acceleration includes a step for 

accelerating the electron beam so that the electron beam, 
which has lost specific energy corresponding to the element 
to be analyzed, enters into a fixed position in the 
electron beam detector; and 
15 the step for detecting the element includes a step for 

detecting the element to be analyzed on the basis of the 
intensity of the electron beam within a predetermined 
energy range out of those electron beam intensities 
detected above. 

20 

10. An element mapping method according to Claim 9, 
including 

a step for changing the element to be analyzed to 
other element; 

25 a step for accelerating the electron beam so that the 

electron beam, which has lost specific energy corresponding 
to the other element, enters into a fixed position in the 
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electron beam detector; and 

a step for detecting the other element to be analyzed 
on the basis of the intensity of the electron beam within a 
predetermined energy range corresponding to the other 
element out of those electron beam intensities that are 
detected when the electron beam, which has lost specific 
energy corresponding to the other element, enter into the 
electron beam detector. 
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ABSTRACT 

There is provided an element mapping unit, scanning 
transmission electron microscope, and element mapping 
method that enable to acquire an element mapping image very 
5 easily. On the scanning transmission electron microscope, 
the electron beam transmitted through an object to be 
analyzed enters into the element mapping unit. The 
electron beam is analyzed of its energy into spectrum by an 
electron spectrometer and an electron energy loss spectrum 

10 is acquired. Because the acceleration voltage data for 
each element and window data for 2 -window method, 3 -window 
method or contrast tuning method are already stored in a 
database and accordingly the spectrum measurement is 
carried out immediately even when an element to be analyzed 

15 is changed to another, the operator can confirm a two- 
dimensional element distribution map immediately. Besides, 
because every electron beam that enters into an energy 
filter passes through the object point, aberration strain 
in the electron spectrometer can be minimized and higher 

20 energy stability can be achieved. As a result, drift of 
the electron energy loss spectrum acquired by analyzing the 
electron beam into spectrum can be minimized and element 
distribution with higher accuracy can be acquired. 



09/869783 




09/359783 



2/9 



FIG. 2 



197- 



SETTING THE SPECIMEN 



1Qfi STEM OPTICAL AXIS 

iyo — ADJUSTMENT 



iqq ^ FIELD OF VIEW 
yy CONFIRMATION 



901 SPECIFICATION OF 

^ u 1 ELEMENT TO BE ANALYZED 



204 SPECTRUM CONFIRMATION 



205^ 



SPECIFICATION OF 
REGION OF ANALYSIS 



206- 



MEASURE- 
MENT 



211- 



202 



^ CHECK OF THE EELS TABLE ) 



203 



-Q DRIFT TUBE VOLTAGE ADJUSTMENT ^ 



YES 



SPECTRUM ACQUISITION 



207 



REPEAT 



Q BACKGROUND CORRECTION } — "~ 208 



NO 



ELEMENT MAPPING IMAGE 




END OF 
MEASURE- 
MENT 



CALCULATING THE INTENSITY 
DIFFERENCE COMPONENT 



210 



209 



CW 369783 



3/9 




0 5/869783 




09/869783 




09/869783 



7/9 



UJO 
I — LU 
COCO 




ACCELERATING 
VOLTAGE DATA 



- o> 



WINDOW 
INFORMATION 



4^ 



DATA FOR 
CORRECTION 

ELECTRON BEAM INTENSITY 



T52 

( o> 



FROM ELECTRON 
BEAM DETECTOR 
13 



09/869783 



8/9 

FIG. 8 

( START ) 



I (1) SPECIMEN SETTING 

i 

(2) INITIAL ADJUSTMENT OF STEM 
V 

(3) INITIAL SETTING OF THE ENERGY FILTER 

♦ 

(4) ACQUISITION OF DATA FOR CORRECTION 

* 

(5) CONFIRMATION OF THE MEASUREMENT REGION 
t 

(6) INPUTTING THE ELEMENT 



(7) ACCELERATION OF THE ELECTRON BEAM 
t 

(8) ELECTRON BEAM SCANNING 
I 

(9) SPECTRUM ACQUISITION 

(10) SPECTRUM CORRECTION 

* 

(11) OBTAINING THE INTENSITY RATION 



(12) DISPLAY 



YES 




( END ) 



° 9 / 869783 



9/9 



FIG. 9 

0 i N i 0 



t- 



I I I I I I I I I I I 

60 nm 



PTO/SB/1 06(8-96) 
Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



Declaration and Power of Attorney For Patent Application 












fine 




As a below named inventor, 1 hereby declare that: 




My residence, post office address and citizenship are as stated next 




1 believe 1 am the original, first and sole inventor (if only one name 
is listed below) or an original, first and joint inventor (if plural names 
are listed below) of the subject matter which is claimed and for which 
a patent is sought on the invention entitled 

ELEMENT MAPPING UNIT, SCANNING TRANSMISSION ELECTRON 

MICROSCOPE, AND ELEMENT MAPPING METHOD 




The specification of which is attached hereto unless the following 
box is checked: 


BBSShHHS-f** fcU 


C3 was filed on November 17, 1999 

as United States Application Number or 
PCT International Application Number 
PCT/JP99/06418 and was amended on 
(if applicable). 


&l±> ^fF»^H&#ts±faiJlE&©l8«#&lfeiTU 


I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as amended 
by any amendment referred to above. 




I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56. 



Page 1 of 5 

Burden Hour Statement. This form is estimated to take 0.4 hours to complete Time will vary depending upon the needs of the individual case Any comments on the 
amount of time you are required to complete this form should he sent to the Chief Information Officer, Patent and Trademark Office, Washington, DC 20231 DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Commissioner of Patents and Trademarks, Washington, DC 20231 



PTO/SB/1 06(8-96) 
Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Ad of 1 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 



ai±, xmmmm 3511 1 9 * m - (<« axa 3 6 5 * 

(b) ICltTffi©^ #BJy.*r-©B©'>&< i:*>-#B&Ji 
3£UT^5#tttt:&aU&3 6 5 (a) SCSI" < H^ffifSU X 

* ai n© ta c muss tife iftw * fc a* m%m © m si * w 

Prior Foreign Application (s) 



(Number) 



(Country) 
(Hfc) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application (s) for patent 
or inventor's certificate, or 365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date before 
that of the application on which priority is claimed. 

Priority Not Claimed 
b 

4AJanuarv/1999 i — i 

(Day/Month/Year Filed) 

(ffiH^B) 



(Number) 
<##) 



(Country) 



(Application No.) 

(ffilB*^) 



(Filing Date) 

(ffiJKB) 



fe. *ffiStffl#ff;d<?M©ft§A s ;*H«*il3 5tel 1 2%. 

ffffllHCII^Sn-C^av^lBD, *©Jfcfr#Btti**»ttiB 

JUI$T?#a3ISB»©B#Bl*l£ fel±f&mS#*#)Hi5iiffi H * 

^5£«£tlfcfWJf«©««Cllt-3Sl?£«#C^-tlf 



(Application No.) 



(Application No.) 
(fflK#-t) 



(Filing Date) 

(mug) 



(Filing Date) 
((MB) 



1 8H£ i o o i*c»-r ^ H^*fc«±»*. &b<«* 

©«^t4# ! £;btil>£i:£ISflU i^t £ £ C±ta©r t 



(Day/Month/Year Filed) L - 1 
<ftUB¥MH) 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 
(HJKH) 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT international application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56 which became available between the filing date of the 
prior application and the national or PCT international filing date of 
application. 

(Status: Patented, Pending, Abandoned) 
(Status: Patented, Pending, Abandoned) 

mu ■ mmvim, «jk^ mmm 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 2 of 5 



PTO/SB/1 06(8-96) (Modulated spacing) 
Approved for use through 9/30/98. OMB 0651 -0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 

(B 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith (list name and registration number) 
Edward W. Greason, Reg. No.1 8,918 ; and John C. Altmiller, Reg. 
No.25,951. 




Send Correspondence to: 
Edward W. Greason 
Kenyon & Kenyon 

One Broadway, New York, N.Y. 10004 



Direct Telephone Calls to: {name and telephone number) 
Telephone: (212) 425-7200 
Fax: (212) 425-5288 







, Full name of sole or first inventor 
\^3-> Kazutoshi KAJI 






\ Inventor's signature , s: _^ Date / / 

r^y\WoJUj 02- / Iff 2t>o ( 


mm 




Residence ~— ' , 
Hitachi. Japan 2>S^ K/ 


mm 




Citizenship J / 
Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



(Supply similar information and signature for second 
subsequent joint inventors.) 



Page 3 of 5 



Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a 



PTO/SB/1 06(8-96) 
Approved for use through 9/30/98. OMB 0651-0032 
*nt and Trademark Office; U.S. DEPARTMETNT OF COMMERCE 
collection of information unless it displays a valid OMB control number. 



. ^Full name of second joint inventor, if any 



/?. Too/ 



Residence 
Mito, 



Citizenship 



Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1 -chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



Full name of third joint inventor, if any 
Koji KiMOTO 



Third inventor's signature 



Residence 
Tsukuba, Japan 



Citizenship 



Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1 -chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



Full name of fourth joint inventor, if any 
frakashi AOYAMA 



Residence 
Tokai-mura, Japan 



5# 



^ , 9 1 3oi>/ 



Citizenship 
Japan 



Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1 -chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



5 



IS 



Full name of fifth joint inventor, if any 
Shunroku TAYA. 



Fiffli inventor's si gnatur e 

Residence ( 
Mito, Japan 
Citizenship 

Japan 

Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1 -chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



&,-f\&M(D&m%ffl%^-3^ t & H#CH3a U W£ £ f" (Supply similar information and signature for sixth and subsequent 
§ z. h ) i oint inventors.) 



Page 4 of 5 



PTO/SB/106(8-96) 
Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 







/ /I ^^"Full name of sixth joint inventor, if any 
-P. Y ^^/^^h^SAKeZAWA— 




Btt 


/ t f—^— Sj^h ijnferftor's signature Date . 


fiBf 




Residence ./ "^Ov /0 
Hitachinakatyspan <- f 


Hi§ 




Citizenship 
Japan 


&*£ 




Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg. 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 






Full name of seventh joint inventor, if any 


% -b ft IsifS © 




Seventh inventor's signature Date 








Hf§ 




Citizenship 






Post Office Address 






Full name of eighth joint inventor, if any 




Btf 


Eighth inventor's signature Date 


S-Br 




Residence 


Hif Citizenship 






Post Office Address 






Full name of ninth joint inventor, if any 




Btt 


Ninth inventor's signature Date 






Residence 


Hf§ Citizenship 


&•£ 




Post Office Address 



(S§+&ft©&|H|#eTOC^T&B«t;;!B«bs (Supply similar information and signature for tenth and 

i> t. ) subsequent joint inventors.) 



Page 5 of 5 



United States Patent & Trademark Office 

Office of Initial Patent Examination - Scanning Division 




Application deficiencies found during scanning: 
□ Page(s) of were not present 

for Scanning. (Document title) 



□ Page(s) of were not present 

for scanning. (Document title) 



J Scanned copy is best available. ^AA^9 



